Climate change will have pervasive effects on the world's coasts, but at broad scales these changes have typically proven difficult to analyse in a systematic manner. This paper explores an outcome-driven deductive methodology for geomorphological analysis that recognises the nonlinearity of coastal morphology and organises current knowledge and understanding using fuzzy logic concepts. Building on recent large-scale coastal investigations and with reference to a case study of the East Anglian coast, U.K., the methodology defines the active coastal system using a flexible generic classification and integrates expert opinion, using the notion of possibility, as a basis for the assessment of potential future geomorphological response to changes in sea level and sediment supply.
INTRODUCTION
Understanding and communicating coastal geomorphological response to external drivers in a clear and understandable way is essential for assessing the impacts of, and adaptation to, projected climate change. However, the nonlinear dynamics of the coastal system often depend on the interaction between natural and social processes which makes the prediction of geomorphological responses problematic, particularly with the phenomena of the ''unanticipated'' or unmodeled response (Phillips, 2003) . This is particularly important at regional levels and above where many policy and strategic decisions are made by those not necessarily knowledgeable about the intricacies of geomorphological change. At this scale, such intricacies are not of such importance as the understanding of general trends and consequences, which can then contribute to proactive policy making.
Most predictive research has focused on the development and testing of modelled, statistical techniques, and although process-based geomorphological models at broader scales are being developed (Cowell et al., 2003a (Cowell et al., , 2003b Hibma, Stive, and Wang 2004; Walkden and Hall, 2005) , the limitations of such detailed quantitative modelling have been widely acknowledged (Haff, 1996; Wolstenholme, 1999) . This has made a generic universal process-based coastal model elusive.
In practice, reasoning and judgment play a primary role in decision making, with ultimate confidence in projections being dependent on an intuitive understanding of the system being modelled (Beck, 1999; Wright, Lawrence, and Collopy, 1996) . It is not surprising, therefore, that the prospective benefits of directly incorporating expertise and understanding within geomorphological models have been explored over the past decade (Cooper and Pilkey, 2004; Harrison, 2001; Hess and King, 2002; Kirkby, 1996; Shu-Hsien Liao, 2005; Spedding, 1997) . In the U.K., the recent Futurecoast (Burgess, Jay, and Hosking, 2002; DEFRA, 2002) and EstSim (EstSim Consortium, 2007) projects have both utilised expert opinion. The former uses a qualitative, expert-based approach to describe future geomorphological trends along the coasts of England and Wales (Burgess, Jay, and Hosking, 2002; Cooper and Jay, 2002; DEFRA, 2002) , and the latter assesses estuarine geomorphological behaviour (HR Wallingford, ABPMer, and Pethick, 2006) prior to formalisation with a series of Boolean variables and functions (EstSim Consortium, 2007) . These approaches are designed to illustrate general patterns of system behaviour and investigate consequences, allowing potential trends to be recognised rather than making absolute predictions. Effectively, qualitative reasoning is put on a formal basis and incorporated within a generic framework, understandable by nonexperts, which can be readily modified to assess the impacts associated with external forcing and/or policy decisions or incorporate new ideas.
In this article, an approach to understanding and predicting geomorphological change on the open coast is described that uses a systems (behaviour)-based, outcome-focused approach. This recognises the nonlinearity of geomorphic response to external forces and that while one future may be more probable, there are others (and their implications) that need to be considered. The likelihood of these outcomes can be assessed within a framework of ideas from Bayesian analyses, probabilistic reasoning, and fuzzy logic, allowing the exploration of landscape form and its behaviour over both time and space (Groen and Mosleh, 2005; Sutherland, 2006) . This approach is illustrated by application to the East Anglian coast of the U.K. and predicting potential coastal geomorphological change over the medium term (10-100 years) and regional scale (10-100 km).
OUTCOME-DRIVEN FUZZY SETS AND DPSIR ASSESSMENT OF COASTAL CHANGE
Working over the medium term at a scale where data availability and detailed process understanding is variable, the Tyndall Centre for Climate Change Research is exploring the integrated assessment of coastal units, such as sedimentary cells and subcells, to allow the investigation of coastal planning (including shoreline management) in response to climate change, including sea-level rise. This includes the development of a capacity for the simulation of changes in coastal flood and erosion risk, biodiversity, and social and economic resources. The overall assessment effort is termed the Coastal Simulator.
At a regional strategic scale, where process-based coastal investigations are not currently available, one approach adopted within the Coastal Simulator is based on the reasoning illustrated in Figure 1 . This outcome-driven approach, most widely adopted in ecological studies (Reynolds, 2003; Sutherland, 2006) , recognises that there is more than one possible future in any natural system (i.e., that processes are nonlinear), yet while the magnitude of any future change is infinitely variable, that current knowledge can define a limited number of descriptive categories (outcomes) into which any future will fall. Also, for the described outcomes, it is possible to assess the occurrence of these outcomes using experience and understanding. These principles are equally applicable to coastal geomorphological change. For example, in the case of a coastal cliff (geomorphological feature), two possible outcomes exist: (i) to remain static or (ii) to erode landward, albeit to an unknown extent. In response to a rise in sea level, of these two potential futures, (ii) might be expected to be the more likely. This type of analysis will usually provide the understanding required by decision makers at the strategic level, informing policy, identifying locations of concern, and providing a simplified, diagrammatic foundation for later model simulations (McGlade, 2001; Robbins, 2001) . Presenting change in this way also ensures that the range of possible futures is considered in the decision-making process (Bowen and Riley, 2003; Thorne, Evans, and Penning-Rowsell, 2007) .
Within the approach, it is also possible to incorporate the influence of shoreline management, which in many densely populated and economically developed areas focuses on the maintenance of a predetermined defensive line by (i) hard defences that exclude natural processes or (ii) the manipulation of natural processes, e.g., beach nourishment. This promotes an understanding of the interdependency of management policy and coastal dynamics (Cooper and Jay, 2002; Leafe, Pethick, and Townend, 1998; McGlade, 2001 ) allowing a proper assessment of potential future risks and the effects of management decisions (Townend, 2002; Wilcock et al., 2003) .
A number of methods exist for modelling with qualitative knowledge such as the descriptive categories and likelihoods included in the outcome-driven approach. Of these, fuzzy logic, initially introduced in the 1960s (Zadeh, 1965) , offers compatible concepts and methodologies (Sutherland, 2006) including the incorporation of multiple outcomes (Nguyen, 1997) . It allows for a level of abstraction and generalisation commensurate with a regional scale of coastal analysis because it uses a collection of fuzzy sets (classes with inexact boundaries) and rules to simplify and reason about data within a ''mathematical'' method (see Kruse, Bough, and Nauck, 2000; Kruse, Gebhardt, and Klawonn, 1994; Yu and Park, 2000; Zadeh, 2002; Zadeh et al., 1975; Zimmerman, 2001 ). Qualitative Figure 1 . Outcome-driven framework used for the prediction of coastal change within the coastal simulator (after Sutherland, 2006) . terminology can also be used judiciously to describe nonexplicit relationships between variables, for example, geomorphological drivers and behaviours (Breckling, 1992; Brown, 2006; Metternicht, 2001; Richards, 2004) , which can then be organised within a rule based (''if…then''), open, reasoned, and adaptable structure. Nevertheless, fuzzy analysis does not preclude the inclusion of quantitative data, where appropriate, to enhance the collecting, classifying, and analysing of data, a mixed method approach often used in other research disciplines (Sandelowski, 2000; Silvert, 1997) .
This type of structure is compatible with driver-pressurestate-impact-response (DPSIR) frameworks, which assume cause-effect relationships between interacting components of social, economic, and environmental systems (Rotmans et al., 1994) and are increasingly used for environmental assessment (Borja et al., 2006; Demico and Klir, 2004; Holman et al., 2005a Holman et al., , 2005b OECD, 1993; Pirrone et al., 2005) .
METHODOLOGY DPSIR Framework
The DPSIR framework used in this study is illustrated in Figure 2 . While often not explicitly described, this framework underlies much recent research and has proven to be a logical and efficient way to deliver information in a well-structured and user-friendly manner. The DPSIR framework was simply defined, being based on four assumptions: (i) the premise that a small number of physiological and functional properties are required to explain the basic working of a complex system (Harris, 1999 as cited in Reynolds, 2002) ; (ii) analysis can be based on discrete and interacting physiographic units as used in shoreline management planning (Leafe, Pethick, and Townend, 1998) ; (iii) a dynamic equilibrium exists between contemporary surface processes and the external driving forces that influence behaviour; and (iv) a systems approach, with inputs, throughputs, and outputs, can be used to describe change within the coastal system. The framework was divided into four main stages: the first three stages form the focus of this paper although work is continuing on stage 4 as part of the Tyndall Research programme.
Regional Landscape Classification
Stages 1 and 2 of the framework (Figure 2 ) involve the analysis of the coastal landscape and the development of a classification that can be applied to identify the coastal system that is able to respond to environmental influences. At the regional scale, where amounts of detailed information are generalised and spatially variable, a simplified classification is appropriate. It also needs to be applicable for coasts with and without coastal defence structures.
Existing cross-shore coastal classifications (Finkl, 2004) provide the basis for a generic classification based on the identification of individual geomorphological elements and combinations of elements. In cross section, individual geomorphological elements can be identified from changes in lithology, slope, relative elevation, degree of tidal influence, and relative position. The same factors can also be used to define long-shore limits for the geomorphological elements (Haschenburger and Souch, 2004; Leser, 1978; Rasinmaki, 2003) . Described generically (e.g., reef, foreshore, cliff, barrier; see Figure 3 ), these elements can then form the building blocks of a simplified regional coastal classification based on combinations of individual geomorphological elements. The profile types (see Table 1 ), as these combinations are termed, are widely applicable and can be broadly grouped into barrier and nonbarrier coastal types. The main difference between these types being that barrier coastal types include a geomorphological feature designated as a ''barrier'' element; this element prevents the direct impact of wave and tidal action on elements to its landward side (see Figure 3 ).
Using the definitions described in Figure 3 and applied to a coast unmodified by coastal defences, the landward boundary of the coastal system is defined by the inherited natural geology and topography, which limit the extent of tide and wave processes. Coastal defence structures, where present, play the same role in defining the coastal system as they confine coastal geomorphological activity to their seaward side (French, 1997 (French, , 2001 . Effectively, ''hard'' defences redefine (and generally reduce) the coastal system that is actively able to respond to changes in other drivers. In either situation the same classification procedure and profile types can be applied to those geomorphological elements considered to be '' active'' (see Figure 4 ).
Describing and Assessing Potential Change
Stage 3 of the framework involves the description of change in response to external drivers-in this case sea level and sediment availability. All changes in drivers and potential outcomes (responses) need to be relative to the initial reference state (which may vary according to the research question being posed, but would logically be the current active coastal configuration). This allows descriptions to take the form of comparative descriptions (McIntosh, 2003) . In broad terms, potential change can be represented by three classes relative to the reference state (greater than, equal to, or less than [,, 5, .] ). In this example, the future rate of sea-level rise would be described as (i) greater than the current rate (accelerating); (ii) equal to the current rate (no change); or (iii) less than the current rate (decelerating); sediment availability can be described as (i) greater than (positive), (ii) equal to (neutral), or (iii) less than (negative) the baseline conditions.
The same comparative descriptions can be used for changes in geomorphological elements for both movement (migration) and changes in shape (geometry), migration being the expected response to changes in water level because coastal landforms maintain their relative position within the coastal system (Pethick, 2001 ) and changes in sediment volume resulting in changes in cross-shore profile geometry of any geomorphological element (Bauer and Davidson-Arnott, 2003; Cooper, Hooke, and Bray, 2001; Forbes et al., 1995; Nicholls, Dredge, and Wilson, 2000) . Migration can simply be defined as (i) landward movement; (ii) no movement; or (iii) seaward movement relative to the initial position of the geomorphological element. Changes in cross-shore profile are more complex but based on geometric principles; descriptive changes related to cross-shore width [(i) widen; (ii) narrow; or (iii) remain constant] can be used. Movement and geometric changes can then be combined to provide a simple matrix of potential future outcomes (Table 2) .
At this stage, the use of expert knowledge and understanding of the coastal system becomes a key aspect of the methodology. To maintain the simplicity of the approach, one of the geomorphological elements within each of the profile types can be used as an indicator of change. The selection of the most applicable element may vary but should be that considered to be the most responsive within the profile type (Gagliardi, Roscia, and Lazaroiu, 2007) .
In general, this will usually be found to be the barrier element in barrier profile types and the foreshore element in nonbarrier types. For these two geomorphological elements, Figure 5 ), geometric rules linked to changes in sediment supply (as reflected in changes in element volume) then enable changes in width to be used for describing potential outcomes. The potential outcomes matrix illustrated in Table 2 can then be completed for the relevant element with reference to changes in external drivers and based on geomorphological understanding and knowledge. This is a two-step process comprising
(1) The elimination of outcomes that are considered geomorphologically impossible under the given changes in external drivers; (2) The qualitative relative likelihood of occurrence between remaining possible outcomes (i.e., high, medium, low).
The matrices of potential outcomes are therefore capturing expert judgment systematically using the answer to a series of ''if…then'' questions. For example, if the rate of sea-level rise accelerates (greater than) and sediment supply is negative (less than), then using the definitions of change described earlier, a barrier could not move seaward or maintain or increase its volume. This would leave only four responses that are considered possible. Of these, the likelihood would be high that the barrier would narrow in width and that it would move landward relative to its initial position. The other possible responses can either be considered low or medium in likelihood, the relative assessment of the outcomes depending on knowledge of the system. These matrices are a transparent and flexible means of containing these answers (or rules) and can be altered, deleted, or added according to the coastal system being investigated or as knowledge and understanding develops.
Matrices can be completed by individuals or using contributions from a number of experts. In the latter case, a variety of methods exist for integrating differing opinions that range from a recognised iterative technique such as the Delphi technique to the establishment of group consensus following open debate and discussion (Evans et al., 2004; Munier and Ronde, 2001; Oliver, 2002; Rowe and Wright, 1999) . While each method has both advantages and disadvantages, which are widely discussed in the literature (Dixon-Woods et al., 2007; Spencer et al., 2003) , their use in this type of analysis increases confidence in the likelihood values achieved at the end of the process.
To test the classification methodology and the applicability of the outcome matrices, a case study based on the East Anglian coast of the U.K was carried out. The following section describes the process undertaken and the outcomes of a workshop held to discuss sample matrices.
CASE STUDY RESULTS-THE EAST ANGLIAN COAST
Building on the knowledge available from Futurecoast (Halcrow, 2002) and other Tyndall Centre-funded research, the Norfolk and Suffolk coasts of the East Anglian coast, southern North Sea (Figure 6 ), were selected as a suitable test case for the methodology described here. These coasts exhibit a variety of open coast and estuarine landforms (although only the open coast forms are analysed here), and there is a long history of coastal erosion and flooding that has produced an extensive legacy of artificial defences and numerous management challenges.
These coasts are relatively self-contained in terms of sediment transport with eroding cliff sections providing significant sediment supply to neighbouring sand and gravel Coastal Geomorphological Change Using an Outcome-Driven Fuzzy Logic Approachbeaches and associated landforms (Clayton, 1989; Dawson, et al., 2007; Dickson, Walkden and Hall., 2007; Hanson and Nicholls, 2001 ). The movement of this beach-grade material therefore provides a longshore link between adjacent profile types (through the geomorphological elements used as indicators) with changes in the direction of this longshore movement defining profile groupings. It is then possible to determine the changes in sediment availability for each profile grouping. The strong cliff-beach sediment relationship also allows for the impact of coastal management to be incorporated because this often includes the prevention of cliff erosion with implications for sediment supply.
It is recognised that there are more sediment interrelationships in coastal geomorphology than those considered here, but on this coast, those relationships appear less direct than the cliff-beach interaction (Walkden and Hall, 2005) . For other coasts, the cliff-beach relationship can be replaced or the approach expanded to consider these additional processes (Whitehouse et al 2009) .
For this testing of the proposed methodology, coastal change drivers were limited to sea-level rise and sediment availability and five regional strategies were developed to assess, at the broad scale, the influence of a consistent management policy. The policies ranged between two extremes (no defences and continuous ''hard'' defence constructed at MHW) with more realistic options based on existing defences, shoreline management plans (SMPs), coastal habitat management plans (CHaMPS), and other available documentation (Table 3) . These policies were collectively considered to represent the range of future policy alternatives.
Regional Landscape Classification
The generic geomorphological elements and cross-shore combinations found on the wave-dominated open coasts of East Anglia are described and illustrated in Table 1 and Figure 3 , respectively. Mapping the distribution of the active geomorphological elements produced a series of potential coastal configurations dependent on the application of the five regional shoreline policy scenarios. Figure 7 shows the effect of these changes on the Suffolk coast.
At this stage, the composition of the active coastal system can show implications of the management option selected. For example, in comparison to the ''no defence'' (natural) profile classification, current defences (maintain the existing line [MEL] management) have reduced the active coastal system to a nonbarrier low type (the only active geomorphological element being the foreshore). The consequences of this has been to significantly reduce possible future responses to sealevel changes-sediment supply will decrease because the cliffs are known to be a major source of sediment and the fixed defences will limit movement. Potential responses to changes in sea level are therefore limited and may have implications for the effectiveness of the defences and the protection they provide.
Conversely, compared with the MEL management option, the introduction of a management policy that defends major settlements only (large-scale realignment [LSR]), would reintroduce a significant number of nonbarrier (cliffed) profile types to the active coastal system. The future erosion of these sections will supply additional sediment to the coastal system, changing the potential futures to be considered. Realignment management policies also show that back-barrier areas are included in the active coastal system. Compared with the MEL management option, the more targeted LSR option restores active back-barrier areas to an area comparable with an undefended shoreline; the more piecemeal small-scale realignment management option also increases active back-barrier areas, but the sites are concentrated along the North Norfolk coast. This has important implications for policy makers because these areas are commonly salt-marsh and mudflat habitats, and obligations regarding the loss or gain of such habitat areas are included in international biodiversity legislation.
Thus, even at this stage, the implications of any strategic management policy, particularly on the character of the coastal landscape (this can include cultural, amenity, and tourism; McEvoy et al., 2008) , can be appreciated. Table 3 . Definition of generic regional management policy scenarios used during the project.
Management Option Definition
Total defence (TD) Defence line continuous at mean high water.
Maintain the existing line (MEL)
Maintains the defence line in its position as defined by the EA and local authorities (current system state).
Small-scale realignment (SSR)
Realigns the defence line landward while protecting most settlements. Large-scale realignment (LSR) Realigns the defence line to protect major assets only. No defences (ND) No management interference in the natural system-all existing defences are abandoned and removed.
Describing Future Outcomes
On the East Anglian open coast, coarse beach-grade sediments (sands and gravels) are dominant, allowing the foreshore and barrier geomorphological elements to be selected as indicators for change Walkden and Hall, 2005) . The sediment type also indicates that linkages between the geomorphological elements selected as indicators can be established using existing studies of longshore transport, sediment cells and subcells, and sediment budgets (Cooper, Hooke, and Bray, 2001; MAFF et al., 1995; SNSSTS, 2002) . Long-shore sediment transport can be used to identify linked geomorphological elements (and therefore profile types) and the start, end, and drift direction for each group (see Figure 6 ). At this stage, subcategories of barrier elements to capture long-shore relationships (Table 4) were introduced because they also affected long-shore connectivity of geomorphological elements. For the East Anglian coast, where long-shore drift is not known, or believed not to be a dominant process, onshore-offshore sediment transport with a neutral long-shore flux was assumed.
Capturing Expert Opinion-Likelihood Matrices
To complete sample likelihood matrices, 24 coastal experts with varying interests in the East Anglian coast were invited to participate in a workshop held in London in November 2004. Expertise included coastal managers (from different decisionmaking levels and organisations), coastal geomorphologists, and individuals with interests in ecology and climate change. Following discussion of the project approach, two discussion groups were formed and each group invited to complete selected likelihood matrices. A consensus approach with a facilitator from the project members (see Herrera, HerreraViedma, and Verdegay [1996] and Hollingshead [1996] for discussion of this method) was used at the workshop because open debate and discussion were considered appropriate to the development of the methodology at this point. However, issues regarding selective participation (see Bell, Raiffa, and Tversky, 1988; Milligan, O'Riordan, and Watkinson, 2006; Ouchi, 2004) would need to be considered in depth in any future use of the methodology.
Matrices were completed for unrestricted barrier and foreshore geomorphological elements under a range of sealevel rise and sediment supply scenarios. Changes in sediment supply were described as (i) positive budgets (input . output), which result in an internal volume increase; (ii) neutral budgets (input 5 output), indicating no internal change in sediment volume; and (iii) negative budgets (input , output), where an internal volume decrease occurs. The rate of sea-level rise was described as (i) accelerated-an increase compared with the current rate; (ii) no change-current rate is maintained; or (iii) decelerated-a decrease compared with the current rate. Table 5 compares the matrices completed by the two groups during the workshop for one scenario combination.
For geomorphological elements classified as barriers, an additional geomorphological possibility of major interest to the coastal manager is a break in long-shore continuity, i.e., a breach, which is usually associated with extreme catastrophic events such as the well-known 1953 storm surge (McRobie, Spencer, and Gerritsen, 2005) . Some breaches may be temporary and will naturally seal; others may remain as new tidal inlets, substantially and permanently changing the coastal system and the geomorphological elements it contains. Permanent breaches were considered to be more strongly associated with particular future states. For example, a narrowing barrier (which in accordance with geometric rules is also lowering) is more likely to breach than a widening The group discussions held at the workshop confirmed that the potential outcomes presented represented the range of possible geomorphological responses. The groups also discussed whether a set time span for the projected geomorphological changes was applicable. The majority thought that the inclusion of a time span would be necessary because any potential outcome is not likely to be perpetual and at a future point change will have been such that a new baseline would be needed. It was therefore decided, for the purposes of this workshop, that a time span of 50 years would be considered.
Once the two groups had completed the sample matrices, these were compared both with each other and some completed by the research team. It was found that there was agreement between the groups in terms of which future outcomes were considered possible and the outcome considered to have the highest likelihood of occurring. Differences arose in the likelihood values assigned to outcomes considered possible but less likely (medium and low); it was recognised, however, that these still needed to be included. This general consensus instilled confidence that the matrices represent a way of capturing geomorphological principles that are simple and can be generally applied.
Application of Matrices and Insights
The likelihood matrices from the workshop were used to produce regional geomorphological trend predictions for the Norfolk and Suffolk coasts relative to the current coastal configuration (reference state) under a number of sea-level change and sediment supply scenarios. In the example discussed here, the rate of sea-level rise was presumed to remain constant and five management policy options were investigated. Figure 8 illustrates the steps undertaken as a series of ''if…then'' statements and rules.
Sediment supply scenarios for the geomorphological elements used as indicators were determined within each group linked by long-shore sediment drift by the effect of management on cliff sediment supply. For example, if an active nonbarrier cliffed-profile type in an undefended coast is reclassified as a nonbarrier low-profile type following the selection of a management scenario, then down-drift profiles will have a negative sediment budget because of the ''removal'' of the cliff sediment supply from the active coastal system. This sediment scenario is assumed to continue until the end of the drift section or until an intermediate active nonbarrier cliffed profile type is reached. Conversely, if the management option indicates that a defence in front of a cliff is removed changing a nonbarrier (low) profile into a nonbarrier (cliffed) profile then the down-drift sediment budget was deemed to be positive because of the reintroduction of sediment supply to the coastal system. This process highlighted two aspects of the active coastal system that would require further, more detailed investigation-the location of any drift divide (in terms of its effect on the source and direction of sediment supply) and the relative longshore lengths of adjacent profiles (e.g., to what distance can a reduced length of active nonbarrier [cliffed] profile maintain down-drift geomorphological elements?). Further information on these issues may result in modification of the ''if…then'' rules of sediment supply which can be easily altered and reapplied.
At this stage a simple translation of the outcomes into a numerical format, using the presumption that the total probability of all possibilities equals 100% (Nicholls et al., 2005) , allows for further analysis to be carried out, including comparison of different management options under the same environmental conditions (see Figure 9 ). Under this sea-level scenario, the balance between barrier and nonbarrier profiles types (change in long-shore coast associated with the geomorphological elements used as indicators, [ Figure 9a ]) is clearly shown to change according to management policy, with the foreshore becoming increasingly the more dominant element as the management option becomes more protection based. For the MEL and TD management options, the active coastal system is effectively restricted to a single nonbarrier (low) profile. The exclusion of the cliff elements leads to negative sediment supply within the ''if…then'' rule structure. Consequently, the outcome with the highest likelihood for the active coastal zone can be expected to be landward movement of the centre line (Figure 9b ) along with a narrowing of the foreshore (Figure 9c ). This, in turn, has implications for the defence line because the decline in the protective foreshore increasingly exposes structures to tidal and wave impacts. In comparison, for the realignment and undefended options when compared with the MEL scenario, positive sediment scenarios develop because ''reactivated'' nonbarrier (cliffed) profiles act as sediment sources within the active system. Active barriers and foreshores therefore have the potential to increase in sediment volume, and alternative future states, including seaward movement of these elements, are considered possible.
Across the sea-level scenarios considered, the results obtained from the Norfolk-Suffolk case study indicate that the positioning and length of defences are major influences on the future coastal system. By altering sediment supply and imposing physical constraints, management policies can determine the ability of the coastal system to respond to changes in sea level and be more influential than sea-level rise as a determinant of future coastal evolution. Thus it also indicates that the opportunity exists for improving the resilience of the coastal system by using appropriate management policies. Addressed at the strategic level where broadscale relationships between coastal features can be identified, this can provide a framework for local decisions that otherwise might not consider wider implications.
CONCLUSIONS
Applied to the East Anglian coast, the approach provided a conceptual structure within which broad patterns of geomorphological responses to climate change and hypothetical management responses were evaluated. Even at this preliminary stage, broad behavioural characteristics can be distinguished, highlighting the relative importance of sea-level rise and management policy on future coastal evolution.
The strengths of the DPSIR outcome-driven fuzzy-logic approach described here lie in its qualitative description, simple and adaptive structure, and distillation of the coastal system to its essential aspects. It also allows the nonlinearity of coastal response to be considered in policy making decisions, recognising that the expected response may not be the only one. Simplifying a complex system in this manner is not unproblematic and is likely to involve some debate over the degree of abstraction that is applicable. However, it is capable of achieving useful results at a regional level. Here, policy development can readily incorporate insight by inference (qualitative data) rather than detailed quantification. Also, the qualitative, expert-based geomorphological reasoning allows the methodology to be consistent across geomorphological features where detailed quantitative data are unavailable. The model framework has the advantage that changes in knowledge, theories, or information (unlike conventional models where assumptions are embedded within computer coding) will usually just require changing the values within the likelihood tables or the if…then rules; both are explicit and straightforward to interpret so they can be challenged and debated by other scientists (Sutherland, 2006) . This simple transparent approach is thus likely to improve model quality because errors and unrealistic assumptions are more obvious. The methodology also lends itself to exploring different views and controversies and how sensitive future coastal evolution might be to alternative models of controlling factors.
While not seen as a replacement for process-based modelling, qualitative modelling of this kind can also be extremely valuable as a precursor to more quantitative models (Wolstenholme, 1999) where the simplified vocabulary and language extend within and across disciplinary boundaries (e.g., between geomorphologists, ecologists, planners, and mathematical modellers as discussed further in Spedding [1997] and Zhu et al. [2001] ). In addition, the conceptually simple design has communication value across disciplinary boundariesincluding with nonexperts where communication of complex issues is essential if participation in the decision-making process is to be encouraged.
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